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RationaleRationale

nn Studies suggest an association betweenStudies suggest an association between
ambient particulate matter and increasedambient particulate matter and increased
morbidity in individuals with allergic airwaymorbidity in individuals with allergic airway
diseasedisease

nn Brown Norway rats can serve as a modelBrown Norway rats can serve as a model
of allergic airway disease due a strongof allergic airway disease due a strong
Th2 response following sensitization andTh2 response following sensitization and
challenge with OVAchallenge with OVA



Study Objective OneStudy Objective One

nn To establish a model of airway reactivity inTo establish a model of airway reactivity in
the Brown Norway rat through a processthe Brown Norway rat through a process
of sensitization and repeated challengeof sensitization and repeated challenge
with with ovalbuminovalbumin..



ApproachApproach

nn Characterize airway reactivity in BN ratsCharacterize airway reactivity in BN rats
sensitized and challenged with OVAsensitized and challenged with OVA

nn Quantify intraepithelial cell Quantify intraepithelial cell mucosubstancemucosubstance
content of the airwayscontent of the airways

nn Measure changes in Measure changes in eosinophilseosinophils and mast and mast
cells in the lungscells in the lungs

nn Measure the degree of inflammationMeasure the degree of inflammation
present in the lungs (present in the lungs (centriacinarcentriacinar regions) regions)



Activity Time-lineActivity Time-line

DAY
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EC200RL Assay:  the effective concentration ofEC200RL Assay:  the effective concentration of
methacholinemethacholine required to double lung resistance required to double lung resistance
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Effects of Ovalbumin Sensitization and
Aerosol Challenge on Airway

Hyperresponsiveness in Brown Norway Rats
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HistochemicalHistochemical Staining of Staining of
Central AirwayCentral Airway



Left Lung Corrosion CastLeft Lung Corrosion Cast



Epithelial Cell Volume ofEpithelial Cell Volume of
the Central Airwaythe Central Airway
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AlcianAlcian Blue/Periodic Acid Schiff Staining Blue/Periodic Acid Schiff Staining
of Central Airway Epitheliumof Central Airway Epithelium



Volume of Intracellular Volume of Intracellular MucosubstancesMucosubstances
of the Central Airwayof the Central Airway
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PerivascularPerivascular (PV) Mast Cells (PV) Mast Cells
and and EosinophilsEosinophils



Number of PV Mast CellsNumber of PV Mast Cells
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Number of PV Number of PV EosinophilsEosinophils
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Study Objective TwoStudy Objective Two

nn To determine the most optimal conditionsTo determine the most optimal conditions
for a model of allergic airways in thefor a model of allergic airways in the
Brown Norway rat by repeated weeklyBrown Norway rat by repeated weekly
challenges with challenges with ovalbuminovalbumin..



Activity Time-lineActivity Time-line

DAY

sensitization aerosolized ovalbumin
airway challenges

14 21 28 35

animals
studied



EC200RL: The effective dose requiredEC200RL: The effective dose required
to double lung resistanceto double lung resistance



Central AirwayCentral Airway
Wall CompositionWall Composition



Volume of Volume of MucinMucin Present Within the Present Within the
Central Airways of Brown Norway RatsCentral Airways of Brown Norway Rats
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Effects of OVA onEffects of OVA on
EosinophilsEosinophils and Mast Cells and Mast Cells

Eosinophils and Mast Cells in the 
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EosinophilEosinophil Increases Following Increases Following
OVA ChallengesOVA Challenges

Eosinophils and Mast Cells in the 
Submucosa of the Airway

0

0.02

0.04

0.06

0.08

0.1

FA FA/S Challenged
Week 1

Challenged
Week 2

Challenged
Week 3

Challenged
Week 4

Groups

P
er

ce
nt

ag
e

Eosinophils Mast Cells



Blood Vessel Scoring ofBlood Vessel Scoring of
PerivascularPerivascular Cell Influx Cell Influx



High Levels of InflammationHigh Levels of Inflammation
in in PerivascularPerivascular Space Space
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CellularityCellularity

Cellularity in the Perivascular Space

0

10

20

30

40

50

60

70

FA FA/S Challenged
Week 1

Challenged
Week 2

Challenged
Week 3

Challenged
Week 4

Groups

P
er

ce
nt



Mast CellsMast Cells

Mast Cells in the Perivascular Space
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EosinophilsEosinophils
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Transverse Lung Tissue SectionsTransverse Lung Tissue Sections



CentriacinarCentriacinar Region (BADJ) Scoring Region (BADJ) Scoring



CentriacinarCentriacinar Regions Regions
Centriacinar Regions
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Study Objective ThreeStudy Objective Three

nn To determine if exposure to PM will alterTo determine if exposure to PM will alter
airway reactivity, lung inflammation, theairway reactivity, lung inflammation, the
immune response and epithelial injury inimmune response and epithelial injury in
Brown Norway rats sensitized andBrown Norway rats sensitized and
challenged with OVA.challenged with OVA.



HypothesesHypotheses

nn OVA-specific serum OVA-specific serum IgEIgE and  and eosinophiliceosinophilic
inflammation will be increased in an allergicinflammation will be increased in an allergic
model and may be changed by PM exposuremodel and may be changed by PM exposure
immediately following allergen challengeimmediately following allergen challenge

nn Detection of a PM effect  on airway reactivityDetection of a PM effect  on airway reactivity
and cell permeability may be enhanced in aand cell permeability may be enhanced in a
Brown Norway rat model of allergic airwayBrown Norway rat model of allergic airway
diseasedisease

nn Ammonium nitrate and carbon are the two mostAmmonium nitrate and carbon are the two most
prevalent forms of PM in Californiaprevalent forms of PM in California



Day 0 Day 14 Exposure
(6 hr/day x 2 days)

Sensitization
(OVA subQ)

Challenge
(OVA aerosol)

FA

PM

ExposureExposure



AssaysAssays

nn Serum Serum IgEIgE:  OVA-specific:  OVA-specific

nn PFT: Airway responsiveness (MC)PFT: Airway responsiveness (MC)

nn BAL:  Protein, total cell number, andBAL:  Protein, total cell number, and
differentialdifferential

nn Cell permeability: Cell permeability: EthidiumEthidium homodimer-1 homodimer-1

nn Cell proliferation: Cell proliferation: BrdUBrdU



PM CompositionPM Composition

-Ammonium nitrate  150 µg/m3

-Carbon black          100 µg/m3

-Particle size           1.0-1.5 µm
(MMAD)



Photomicrograph of CollectedPhotomicrograph of Collected
OvalbuminOvalbumin Particles Particles



Photomicrograph of CollectedPhotomicrograph of Collected
PM ParticlesPM Particles



PM Samples for Carbon AnalysisPM Samples for Carbon Analysis



Ion Chromatograms of PM ParticleIon Chromatograms of PM Particle
Samples during exposure PM 41Samples during exposure PM 41



OVA-Specific Serum OVA-Specific Serum IgEIgE



Pulmonary AirwayPulmonary Airway
ResponsivenessResponsiveness



Protein in BALProtein in BAL



Total Cells in BALTotal Cells in BAL



    EosinophilsEosinophils in BAL in BAL



Epithelial Cell PermeabilityEpithelial Cell Permeability





Cell PermeabilityCell Permeability



MucinMucin Volume of Volume of
Airway EpitheliumAirway Epithelium



Epithelial Cell DNA SynthesisEpithelial Cell DNA Synthesis
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Histological Analysis,Histological Analysis,
EosinophilsEosinophils
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mRNA Levels in Lung Tissues of BNmRNA Levels in Lung Tissues of BN
Rats Exposed to FA or PMRats Exposed to FA or PM

OVA-Sensitized/Challenged Brown Norway Rats
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Study Objective FourStudy Objective Four

nn To determine the effects of exposure toTo determine the effects of exposure to
PM in human asthmatic volunteers onPM in human asthmatic volunteers on
airway biopsy tissue gene expression for aairway biopsy tissue gene expression for a
panel of cytokines.panel of cytokines.
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ConclusionsConclusions

nn Brown Norway rats can serve as a reasonableBrown Norway rats can serve as a reasonable
model of allergic airway disease following amodel of allergic airway disease following a
single sensitization and challenge with OVAsingle sensitization and challenge with OVA

nn PM may serve as an adjuvant and increasePM may serve as an adjuvant and increase
systemic levels of systemic levels of IgEIgE following sensitization and following sensitization and
challenge in Brown Norway ratschallenge in Brown Norway rats

nn Airway hypersensitivity was not changed byAirway hypersensitivity was not changed by
sensitization and challenge in this model.sensitization and challenge in this model.
Exposure to carbon and ammonium nitrate PMExposure to carbon and ammonium nitrate PM
may actually decrease response to MCmay actually decrease response to MC
challengechallenge



ConclusionsConclusions

nn Airway epithelial cell permeability to Airway epithelial cell permeability to ethidiumethidium
homodimer-1 in our model may increasehomodimer-1 in our model may increase
following two days of exposure to carbon andfollowing two days of exposure to carbon and
ammonium nitrate particles (N.S.)ammonium nitrate particles (N.S.)

nn Significant increases in airway epithelial cellSignificant increases in airway epithelial cell
BrdUBrdU labeling  occur in this model of allergic labeling  occur in this model of allergic
airway disease following exposure to carbon andairway disease following exposure to carbon and
ammonium nitrate PM (p<0.05)ammonium nitrate PM (p<0.05)

nn CentriacinarCentriacinar  alveolitisalveolitis may by increased by PM may by increased by PM
exposure in a Brown Norway rat model ofexposure in a Brown Norway rat model of
allergic airway disease (N.S.)allergic airway disease (N.S.)



ConclusionsConclusions

nn Human airway biopsies can be used to examine geneHuman airway biopsies can be used to examine gene
expression for the variety of different cytokinesexpression for the variety of different cytokines

nn Gene expression of cytokines within human airways isGene expression of cytokines within human airways is
not significantly altered following acute exposure tonot significantly altered following acute exposure to
carbon and ammonium nitrate PMcarbon and ammonium nitrate PM

nn IL-5 gene expression in Brown Norway rats is transientlyIL-5 gene expression in Brown Norway rats is transiently
altered following acute exposure to carbon andaltered following acute exposure to carbon and
ammonium nitrate PMammonium nitrate PM

nn Combined animal and humans studies can be used toCombined animal and humans studies can be used to
provide new insights on potential mechanisms of theprovide new insights on potential mechanisms of the
health effects of PM on the respiratory systemhealth effects of PM on the respiratory system
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